INTRODUCTION
O ur understanding of the interactions between microbes and humans is undergoing a massive explosion as the ability to study microbes by culture-independent techniques continues to expand rapidly. Among the many fascinating interactions being illuminated are those related to the lower risk of allergic disease and asthma in children highly exposed to animals during the first year of life. This area of epidemiologic investigation was initially thought of under the rubric of the ''Hygiene Hypothesis'' but more recently the ''Microbiota Hypothesis'' appears to be more appropriate terminology. 1 Accumulating evidence strongly suggests that much of the apparent animal-related allergy-protective effect, as well as effects from other putative preventive and risk factors, is through their ability to alter the gut microbiota of children during the first year of life. This review will focus on the relationships between microbes and the risk or resistance to allergic disease and asthma. We will briefly explore the epidemiologic development of this area, the factors influencing the composition of the human microbiota during the first year and some of the mechanisms that appear to shift or prevent allergic immune responses from becoming established.
Asthma and other allergic diseases, such as allergic rhinitis and food allergy, have increasingly become common chronic illnesses in developed countries over the past forty years. 2 Although these illnesses infrequently cause death, they do produce very high levels of morbidity and result in large economic costs. Based on the National Health Interview Survey, the Centers for Disease Control estimated that from 2001 to 2013, the prevalence of asthma increased among children 0-17 years of age in the United States by 0.06% per year reaching 8.91% (SE 0.05). 3 According to a 2011 report from the American Lung Association, asthma remains the most common chronic health disorder in childhood, with 8.5 million children aged 5-17 years in the United States having been diagnosed with asthma in 2009 (prevalence estimate of 161.3/1000; 95% CI 150.7-171.9). 4 Health expenditures for children with asthma are 3 times higher than for children without asthma. 5 Therefore, today's new parents are faced with the risk that their newborn will be the one out of 10-11 children in the United States diagnosed with asthma. If the parents are African American, the risk nearly doubles to approximately 1 in 5 children. 4 Consequently, newborns today have a high risk of requiring daily medications for years, having to endure numerous visits to doctors and hospitals, missing an average of 9.2 days of school each year, 6 causing parents to miss work, and having a substantially lower quality of life. 7 This poor outlook does not even take into account the costs of asthma to the medical care system (estimated at $56 billion annually from 2002 to 2007). 8 The change in the prevalence of allergic disease and asthma has occurred too rapidly to be caused by genetic evolution; therefore, focus has shifted to possible environmental changes that could be causally related.
THE EVOLUTION OF THE HYGIENE HYPOTHESIS AND ALLERGIC DISORDERS
Strachan proposed an atopy-related ''Hygiene Hypothesis'' in 1989, 9 suggesting that as living and hygiene standards improved and families became smaller, there were fewer infections within families; and that this reduced number of infections led to a greater risk of allergy. The Hygiene Hypothesis was later undergirded by a biologically plausible mechanism-the concept of postnatal immune deviation. This theory holds that, at birth, the human immune system has a more prominent Th2 (allergy promoting) than Th1 (allergy retarding) response profile and that exposures to infectious agents in early life produce a gradual shift toward greater Th1 responses and a ''normal immune response balance''. [10] [11] [12] [13] Immune deviation as the primary underlying mechanism has been challenged by ''counter-regulatory'' or ''gate-keeper'' hypotheses. [14] [15] [16] [17] [18] Proponents noted that over the last half of the 20th century, as the prevalence of many infectious diseases declined precipitously, immunerelated diseases caused by both Th1 (eg, diabetes type 1, Crohn's disease) and Th2 (eg, asthma, allergies) mechanisms increased in an apparent reciprocal relationship. 15 Thus, the increase in immune-mediated disease could be caused by a lack of infections where that lack results in a less well-developed immune regulatory response characterized, for example, by lower levels of the immuno-suppressive cytokine interleukin (IL)10. The fact that IL10 can be upregulated by viral, bacterial, and parasitic infections provides a possible explanation for the relatively low prevalence of allergic disease in countries with high levels of endemic parasitism, where serum IgE levels are frequently elevated. 19 The concept of counter-regulation fits with observations that high levels of parasite infection are associated with strong Th2 immune responses to parasites but low levels of allergic disease. 14, 16 Rook expanded upon this hypothesis. 20 He suggested that if an environmental change was related to the increase of allergic (and autoimmune) disease, it should satisfy 2 criteria: (1) it must be something that has been present throughout the evolution of the mammalian immune system, and (2) it must be something that has been progressively depleted from the environment of developed countries. 20 Rook noted that saprophytic environmental organisms, such as soil or gut bacteria, were better candidates than the putative changing exposure to viral respiratory infections. His criteria support an ''altered microbiota'' mechanism leading to a ''-Hygiene-Microbiota Hypothesis''. This theory was initially supported by evidence from early studies using culture-based methods that the microbes making up the normal intestinal microbiota, which have presumably always been part of mammalian life, are different in children with and without atopy as well as in children growing up in developed affluent countries, where the risk of allergic disease is higher, compared to children growing up in less well-developed countries, with lower risks of allergic disease. [21] [22] [23] [24] Supporting this theory from an ecological perspective are the dramatic changes related to bacterial exposure that characterized the 20th century as atopic diseases were on the rise. Strachan reported that the number of siblings and particularly older siblings in a household was inversely related to hay fever prevalence. 9 US Census data reveal that the average number of persons per household dropped from 4.11 in 1930 to 2.57 in 2004, with 10.9% of homes having 7 or more persons compared with 1.2%, respectively. 25 Considering other ''hygiene factors'', in 1940, nearly half of American homes lacked complete plumbing, a condition of over 70% of homes in some states. That number fell to 1% by 1990. 26 Other population changes occurred over the same period. The percentage of the US population living on farms was 12.2% in 1950 but declined to 2.6% by 1990. The poor quality of municipal water treatment in the US was addressed with the US Safe Drinking Water Act, which became effective December 16, 1974 December 16, and was amended in 1986 December 16, , 1996 December 16, , 2005 December 16, , 2011 , and 2015 to broaden the coverage and to address specific concerns such as lead-free plumbing and algal toxins. 27 A major result of these regulatory changes was greater water purity (fewer bacteria) in nearly all municipal water systems. During this same interval, there have been many changes to food growth and processing. One example is the use of antibiotics to enhance weight gain of animals (poultry, cattle, hogs) for food consumption. Current estimates suggest that 80% of the antibiotics used in the US are given to food animals for nontherapeutic purposes (ie, more rapid growth).
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EARLY EPIDEMIOLOGIC STUDIES SUGGESTING EFFECTS OF GUT MICROBES ON ASTHMA AND ALLERGY
Early ecological and cross-sectional studies provided evidence to support the importance of early exposure to microbial products in the development of atopic disease. [29] [30] [31] A study of 2 ethnically identical and geographically contiguous populations, Finnish and Russian Karelians, found that atopy was less common in children with antibodies to enteroviruses, which are found more commonly in the low socioeconomic status group (Russian Karelians) 32 and in those drinking water with a higher microbial content (Russian Karelians). 33 A causal link in these studies was suggested by a highly significant inverse correlation between the prevalence of childhood atopy defined by prick skin tests and the number of microorganisms in the drinking water. Several studies have also shown that allergic disease and asthma are much less common in children who drink unpasteurized cow milk, a source of viable microorganisms, especially during the first year of life. 34 A study comparing the responses of human cord blood T cells (CD41CD252CD1271) from children in modern Australia to those whose mothers live traditional lives in Papua New Guinea found enhanced and more rapid proliferation, in an autologous antigen-presenting cell (APC) dependent culture system, in the Australian infants because of differences in the activity of the neonatal APCs and not differences in T-cell activity. 35 The findings of this study suggest that APCs from an environment with greater levels of bacterial exposure (Papua New Guinea) may be less responsive to many environmental stimuli.
Studies have examined specific bacterial species in stool samples and demonstrated their abundance correlated with atopy and asthma development. [21] [22] [23] [36] [37] [38] A study of 1-year-olds in Estonia (low allergy prevalence) and Sweden (high allergy prevalence) revealed that more Estonian children possessed Lactobacilli and Eubacteria in their stool compared to Swedish children, who were more likely to be colonized by Clostridium difficile.
24 A follow-up study of Estonian and Swedish children who were sampled over the first year of life and followed to 2 years of age demonstrated that infants who developed allergy consistently exhibited lower levels of Bifidobacteria colonization. 21 Species-specific quantitative polymerase chain reaction (Q-PCR) analysis of the feces of 957 one-month-old infants in the KOALA cohort demonstrated that high abundance of Escherichia coli or C. difficile was associated with the development of eczema or atopy, respectively. 22 A 2011 study from Copenhagen demonstrated that bacterial diversity in stool samples at age 1 and 12 months was inversely associated with atopy, eosinophils, and allergic rhinitis at age 6 years. 39 A 2015 report from the Canadian CHILD cohort found that 22 children classified at age 1 year as ''at high risk for asthma'' demonstrated a reduction in 4 bacterial genera in feces samples collected at the age of 3 months. 40 A recent study from Finland showed that early use of macrolide antibiotics in children was associated with long term (.2 years after macrolide use) changes in gut microbes and with increased risk of asthma and weight gain. 41 Thus, epidemiologic evidence suggests that early events in gut microbial exposure and colonization may play key roles in development of disease at sites remote from the GI tract and that gut microbiota influence allergy and atopic disease. 1, 42 Definitive results await the accomplishment of multiple birth cohort studies with large sample sizes, long-term follow-up, and allergic outcomes that have been defined using carefully constructed and specific phenotypes. [43] [44] [45] Direct evidence demonstrating the influence of the gut microbiota on allergic sensitization and asthma has been provided by several recent studies. A study of BALB/c mice found that gavage feeding of Lactobacillus reuteri increased the numbers of CD41CD251 T cells in mediastinal nodes and inhibited the allergic inflammation provoked by inhalational challenge with ovalbumin in sensitized mice. 46 A study of 20 children selected from a randomized Translational Researchcontrolled trial of probiotics found that children who later developed IgE-associated eczema had significant differences in stool microbes at 1 week of age, notably a lower abundance of Ruminococcaceae and that the abundance of Ruminococcus was inversely associated with toll-like receptor (TLR) 2 induced IL-6 and tumor necrosis factor f (TNF-a). The abundance of proteobacteria at 1 week was also inversely associated with TLR4 induced TNF-a. 47 Two reports suggest that adults with asthma and allergies display different fecal microbiota when compared to healthy controls. 48, 49 The findings from these two cross-sectional studies raise the interesting question of whether the differences found in adults are a cause or an effect of allergies and asthma. As with adult GI bacterial consortia, interpersonal differences in GI microbial communities are evident in infants, particularly in rate and stability of communities colonizing neonates. 50 External influences (delivery mode, feeding patterns, antibiotics, older siblings) are hypothesized to play a role in shaping this community. 36, 51 One theory encompassed by the evolution of the Hygiene Hypothesis to the Microbiota Hypothesis is the premise that when children live in close proximity to household pets or farm animals, they are exposed to home microbiota compositions more similar to early 20th century environments countering the trend of greater ''home hygiene''. This home microbiota may directly or indirectly impact immune development and maturation of the infant and subsequent development of clinically important outcomes such as allergic asthma. 52 Several studies have indicated that the presence of cats and especially dogs influences the home microbiota. [53] [54] [55] [56] [57] Other recent reports have suggested that animal exposure is associated with an altered gut microbiota in children. [58] [59] [60] Further, a systemic effect has been shown in murine studies, in the hypothesized direction, of ingested dog-associated dust on airway pathology, cytokine production, and cecal microbiota. 61 A plausible mechanism explaining the protective effects of household pets against allergy is emerging: pets generate environments containing microbial profiles that affect the child's personal gut microbiota which alters early life immune development, with subsequent decreased risk of allergic outcomes. [62] [63] [64] A critical link in these hypotheses is that children, including infants, ingest significant amounts of house dust allowing the bacteria present in the house dust access to the child's GI tract. This creates the possibility for ingested bacteria to influence the microbial composition of the child's GI tract. It has been shown that particles, fluids, and microbes inhaled by infants are also swallowed, 1 and infants have frequent hand-tomouth activity, as has been shown in environmental toxicology studies. 65 There is a robust literature estimating soil and dust ingestion by children related to hand-to-mouth activity. The United States Environmental Protection Agency (EPA) has well-established estimates of soil ingestion to promulgate regulations of toxic soil cleanup. EPA guidelines do not provide estimates for children less than 6 months of age but children 6 to 12 months of age are estimated to ingest 60 mg of dust and soil per day. 66 A meta-analysis published in 2007 by Xue et al. summarized 9 studies of hand-to-mouth activity in young children, representing observations of 429 children over more than 2,000 hours. 65 The factors most closely related to hand-to-mouth activity in children were the location (indoors or outdoors) and the age of the child. Children had a higher frequency of hand-to-mouth contact when they were indoors, and younger children had more hand-to-mouth contact than older children. The impact of transferring materials from dust by hand-to-mouth activity was shown in a study examining lead concentrations in house dust and soil samples from the child's yard in relationship to the child's blood lead level. 67 Both soil and house dust lead levels were independently associated with blood lead levels. In another study, blood lead levels were strongly correlated with hand-to-mouth activity (r 5 0.56, P 5 0.006) and with the frequency of placing nonfood objects in the mouth (r 5 0.48, P 5 0.02). 68 When the gut microbiotas of a small subsample of children participating in the Canadian CHILD study were examined in relationship to dust from their homes, investigators found that 14 bacterial operational taxonomic units (OTUs) were significantly higher in matched pairs of dust and stool suggesting a relationship between home dust and gut microbes in these children. 57 In these same 20 children, dog or cat ownership was associated with specific bacterial OTUs in house dust but there was not a clear difference in the stool microbes of the children. Although no study to date specifically examines the relationship between hand-to-mouth activity and gut microbial composition in children, the extensive toxicology literature using trace elements clearly demonstrates that children and adults transfer measurable amounts of dust into their bodies via hand-to-mouth behavior.
An ever increasing literature implicates the human GI microbiota as critical in health and disease. 69 The developing GI microbial community over the first year of life is crucial to maturation of immune function. [70] [71] [72] [73] [74] Associations have been demonstrated between the presence and abundance of specific microbial species in the GI tract during the first 6 months of life and subsequent development of allergic disease. 36, 75 This suggests early patterns of GI colonization predispose the child to risk for allergic disease later in life. 1 After weaning is completed (typically by 1 year) the bacterial community is thought to resemble adult GI populations, 50 a dense, relatively stable consortium in which Bacteroidetes and Firmicutes represent the 2 most dominant phyla. 50, 76, 77 Several studies have demonstrated that the most dramatic developmental changes in the lower gastrointestinal microbiota occur over the first year of life as the assemblage progresses through periods of increasing bacterial burden, anaerobiosis, and a shift to fermentative metabolism. 50, 78 However, at the age of 6 months, concurrent with introduction of solid foods, or likely more importantly, the cessation of breast feeding, 79 the GI microbiota, at least at the phylum level, begins to stabilize and resemble that of an adult microbial community. 78 Although this review focuses on the infant gut microbiota and specifically bacteria as central in the causal pathway to pediatric allergic disorders, other infant microbiota sites and microorganisms likely play an important role. In 2007, Bisgaard et al. reported that colonization of the hypopharyngeal region of 1-month-old infants by Streptococcus penumoniae, Haemophilus influenzae, or Moraxella catarrhalis but not Staphylococcus aureus were significantly associated with persistent wheeze, acute exacerbation of wheeze, and hospitalization for wheeze by age 5 years in a birth cohort of 312 Danish children. 80 Colonization was independent of sex, maternal antibiotics, breast-feeding, gestational age, and older children in the home. A similar study followed nasopharyngeal bacteria in 234 children prospectively during the first year of life. The investigators found that there was a progression of bacteria that tended to dominate this site and that early, asymptomatic colonization with Streptococcus was a strong predictor of asthma. 81 Although cultureindependent techniques are being used to examine the microbiota of the lungs, most studies have focused on cystic fibrosis and other inflammatory lung diseases with few published studies of the lung microbiome as a risk factor for asthma. 82 There does appear to be a relationship between the lung microbiota and asthma severity, but this may partially be due to treatments such as inhaled corticosteroids. [83] [84] [85] A recent report from the Denmark group found that 1 putative risk factor for asthma, caesarian section (C-section), discussed in the following section, impacts the neonate's microbiota of the gut but not the airways, providing evidence that the early gut microbiota is perhaps the more fundamental link on the atopic disease causal pathway. 86 There are other microbes besides bacteria that could contribute to the relationship between microbial exposure and allergic risk. Exposures to fungi or fungal products could be associated with an increased risk of allergic disease. [87] [88] [89] Our finding of an inverse relationship between the diversity of bacteria and fungi in house dusts would mean that the microbiotas of homes with animals would have more bacterial species and fewer fungal species leading to a lower risk of allergic disease. 53 The study of Ege et al. also found an inverse relationship between certain fungi and asthma. 63 It is also clear that viruses play a role in the etiology of pediatric asthma. 90 Figure 1 portrays a posited causal pathway with the infant gut microbiota as the central focus. We will now explore links on this proposed chain of causation.
PRENATAL MICROBIAL IMMUNE EFFECTS
Early studies on the Microbiota Hypothesis were based on the assumption that the uterine environment of the fetus is sterile and insulated from the effects of maternal microbes. Contemporary studies are challenging this assumption. [91] [92] [93] A fascinating study in mice utilized a genetically engineered Escherichia coli (HA107). 94 This E. coli strain can be given orally to germ-free mice, but it does not persist in the intestine so pregnant dams become germ-free again before delivery. Gestation-only colonization of pregnant dams with HA107 altered the number of early postnatal intestinal innate leukocytes in wild-type C57BL/6 mice pups. The increase in intestinal innate lymphoid cell proportions and total numbers compared with controls persisted and reached a maximum in 14-to 21-day-old pups, and the increase persisted even after weaning.
Human studies have also shown that there is a microbiome of the placenta even in healthy, term, pregnancies. 95 Interestingly, the placental microbiota is more similar to the oral microbiota than to the vaginal or gut microbiotas. 95 The placental microbiota varies with maternal gestational weight gain, and the microbial alterations associated with gestational weight gain were related to decreased folate biosynthesis and butanoate metabolism. 96 Interestingly, in a nonhuman primate model, a high-fat maternal or postnatal diet altered the structure of the offspring's intestinal microbiota. The altered offspring gut microbiota could only partially be corrected by a postnatal low-fat diet after weaning. 97 Although none of these areas have been well explored in relationship to allergies and asthma, all of the findings suggest that the maternal microbiota begins to influence the child's microbiota and subsequent immune development during in utero development. These preliminary findings also suggest that studies should be conducted to learn whether it is possible to safely alter the microbiotas of reproductive age women in the hope of reducing allergic disease in their children.
BIRTH: THE EXPLOSIVE INCREASE OF THE INFANT MICROBIOTA
Birth is associated with an onslaught of exposure to a wide variety of microbes. A growing number of studies have shown major differences in the early microbiotas of children delivered vaginally compared to those delivered by C-section and that effects may differ by whether the surgery was elective versus emergency. 51, 64, 86, [98] [99] [100] [101] [102] [103] Not surprisingly, the microbiotas of vaginally delivered infants show the strong influence of the mother's vaginal and gut microbiotas, whereas the microbiotas of children delivered by C-section are dominated by microbes common to human skin. 64 A study of the birth modedependent association between prepregnancy maternal weight and neonatal gut microbiota suggested that maternal weight-related microbes are passed to infants only during vaginal delivery. 104 Microbes on the skin during infancy appear to be essential for developing long-lasting tolerance to bacteria that are normally skin commensals. In a mouse model, either blocking the influx of T cells into the skin or not having the bacteria on the skin as the T cell influx occurred resulted in skin inflammation from skin contact with the bacteria later in life. 105 A separate mouse study demonstrated that the lung microbiota was more closely related to the mother's vaginal microbiota than to the mouse's own gut microbiota. 106 The alterations of the infant microbiota related to delivery by C-section appear to have health-related consequences. Bentley et al. used linked medical and birth records to examine the relationship between mode of birth, breast-feeding, and hospitalization for acute gastroenteritis in 893,360 singleton live births of at least 33 weeks of gestation in Australia. 107 After controlling for other variables, C-section was associated with a 20% increased risk of hospital admission for acute gastroenteritis. The combination of preterm, C-section birth, and formula-only feeding increased acute gastroenteritis risk by 62%-78%. A meta-analysis of 20 studies involving 9,938 cases found that after adjusting for other variables, birth by C-section significantly increased the risk of Type 1 diabetes (OR 1.23, 95% CI 1.15-1.32).
108,109 A recent register-based birth cohort study from Scandinavia studied risks of immune function related diseases, discriminating between elective versus emergency cesarean section in reference to vaginal delivery. 99 Elective surgeries were associated with higher risks of lower respiratory tract infections, juvenile idiopathic arthritis, and asthma.
BREAST MILK AND THE DEVELOPING INFANT GUT MICROBIOME
Analogous to the thinking that infants were in a sterile in utero environment, it has long been assumed that human breast milk is sterile. However, recent studies have shown that breast milk has a unique microbiota as well as various nutrients and other substances that strongly influence the growth of microbes. [110] [111] [112] [113] The primary microbes in human milk are Proteobacteria and Firmicutes. Pre-or probiotic compounds (such as oligosaccharides) also stimulate and help shape the growth of certain bacteria along with various immunoglobulins (IgG, IgM, and secretory IgA). 114, 115 The full role of microbes in human breast milk has not been elucidated but one study found that the microbial composition of breast milk was independent of preterm or term birth, C-section or vaginal birth, and infant sex. 111 However, another study found that breast milk microbial composition at 1 month postpartum varied by mode of delivery. 116 Other studies have shown that intrapartum antibiotic prophylaxis for group B Streptococcus alter the infant's gut microbiota and that these changes are independent of breast-feeding in the first weeks of life. 117, 118 An issue with these studies is that tests for the significance of antibiotic exposure were in comparison to the infants of mothers who did not have detectable group B Streptococcus. The reason that this comparison group is a concern is a third study which found that the gut microbiotas of infants born to mothers who were culture positive for group B Streptococcus differed even after adjusting for intrapartum antibiotics, maternal race, and antifungal use. 119 A study of the effects of milk oligosaccharides in severely malnourished infants showed that these milk components were essential to restoring normal growth beyond supplementation with appropriate calories, presumably through the effects of oligosaccharides on microbial growth and metabolism. 112 
IMPACT OF MICROBES ON THE DEVELOPMENT OF EARLY IMMUNE RESPONSES
Immune development, including the capacity to synthesize the key Th1 cytokine, interferon y (IFNg), appears to be shaped by microbial exposure. 120 Microbes are thought to influence the process of immune maturation through repeated stimulation via pathogenassociated molecular patterns (PAMPs) that are recognized by pattern recognition receptors such as TLRs found on cells of the innate immune system. 13, 121 Simultaneous TLR stimulation with multiple ligands, mimicking exposure in microbe-rich environments, appears to induce neonatal dendritic cells to mature, primarily through the production of the Th1-polarizing cytokine, IL12. 122 This suggests that environments with high microbial content may induce early life T cell responses toward the Th1 phenotype and boost baseline airway Treg activity. 15, 123, 124 Little is known of the precise mechanisms through which microbes alter the developing human immune system, but mouse models suggest multiple possibilities. Among the many microbial products with the potential to alter immune function are short-chain fatty acids (SCFAs) frequently produced by microbes during fermentation of dietary fiber. 125 SCFAs can bind to G-protein coupled receptor 43 (GPR43) and strongly affect inflammatory responses. 126 The necessity for GPR43 stimulation in the resolution of inflammation was demonstrated in mice deficient for the Gpr43 gene, which could not resolve inflammation in models of asthma, arthritis, and colitis. 127 A very recent study examined alterations in gastrointestinal microbiota-derived SCFA in a mouse model of graft-versushost disease following allogeneic bone marrow transplantation. 128 In this study, an unbiased analysis identified an alteration in only 1 SCFA, butyrate, as associated with disease. Supplementation of the mice with any of 17 rationally selected strains of high butyrate producing Clostridia significantly reduced the graft-versus-host disease. Another mouse study found that Bacteroides fragilis, a common human commensal organism, produces polysaccharide A (PSA), which suppresses inflammation by downregulation of IL-17. 129 Monocolonization of germ-free mice with Bacteroides fragilis increased the conversion of CD41T cells into FOXp31 Treg cell capable of producing the anti-inflammatory cytokine IL-10. Further examination showed that the conversion of cells into Treg cells was produced by PSA during intestinal inflammation. This same bacteria species was found to be inversely associated with TLR4 messenger RNA expression among a population of 64 Swedish infants, and correspondingly, the downregulation of peripheral blood mononuclear cells (PBMC) response to lipopolysaccharide (LPS), with lower production of the inflammatory cytokines and chemokines IL-6, IL-8, IL-17, and CCL4. 130 
CONCLUSIONS
We are only beginning to investigate the myriad interactions between microbes and humans. Many different types of investigations collectively support the hypothesis that exposures to microbes in the first months of life have strong effects on the developing human immune system, as summarized in Figure 2 . Some of these effects may reduce or increase the risks of allergic disorders and asthma. Although much more needs to be learned, it appears that it may be possible to reduce substantially the prevalence of allergic diseases and asthma by altering the microbiotas of children. Adequate alterations of gut microbiotas in children may depend on earlier alterations of the microbiotas of women during or perhaps even before pregnancy.
